The faces of people are highly salient to young infants and convey information critical for social interaction, including emotion, intention, and individual identity. A large body of research has demonstrated remarkable face perception skills of very young infants (e.g., Bartrip, Morton, & de Schonen, 2001; Cassia, Turati, & Simion, 2004; Johnson, Dziurawiec, Ellis, & Morton, 1991; Mondloch et al., 1999) . For example, shortly following birth, infants can discriminate, prefer, and show memory for their mother's face over the face of a stranger in silent visual displays (Bushnell, 2001; Field, Cohen, Garcia, & Greenberg, 1984; Pascalis, de Schonen, Morton, Deruelle, & Fabre-Grenet, 1995; Sai, 2005) , and they can do so after 1 month of age even when external features have been masked (Bartrip et al., 2001) . By 2-4 months, infants discriminate between the faces of unfamiliar adults. Threemonth-olds discriminate between photographs of adults both within and outside their own racial group (Kelly et al., 2009) . Twoand three-month-olds discriminate between the faces of two unfamiliar women in live, static poses both with and without external cues masked (Blass & Camp, 2004) . At 4 and 6 months (but not at 2 months), infants can discriminate the moving faces of two unfamiliar women even in the context of synchronous audiovisual speech and can subsequently match their particular faces with their voices (Bahrick, Hernandez-Reif, & Flom, 2005) . Although 2-month-olds showed no evidence of face-voice matching, they were able to discriminate between the two faces in a silent, dynamic, visual control condition. Some researchers have proposed that faces represent a "special" class of stimulation and that that they are innately preferred over (Goren, Sarty, & Wu, 1975; Mondloch et al., 1999) and processed differently from other stimuli (Tanaka & Sengco, 1997; Thompson & Massaro, 1989; Ward, 1989; Yovel & Duchaine, 2006) . In contrast, others have suggested that face processing is governed by the same principles as object perception and that faces become salient as a result of experience interacting with people and the development of expertise with this particular class of stimulation (e.g., Bahrick & Newell, 2008; Gauthier & Nelson, 2001; Nelson, 2003) .
The majority of research on face perception has focused on infant perception of static silent faces, even though faces are typically perceived in the context of individuals engaged in dynamic, multimodal events such as everyday activities and audiovisual speech. Despite findings that infants are adept at perceiving dynamic, multimodal events (Bahrick, 2010; Lewkowicz, 2000; Lewkowicz & Lickliter, 1994) , and at perceiving information in dynamic, speaking faces Bahrick, Moss, & Fadil, 1996; Hollich, Newman, & Jusczyk, 2005; Lewkowicz, 2010; Walker-Andrews, 1997) , infants have poor face perception skills when faces are seen in the context of naturalistic everyday activities (Bahrick, Gogate, & Ruiz, 2002; Bahrick & Newell, 2008) . For example, 5-month-olds show discrimination and long-term memory (across a 7-week delay) for repetitive activities (e.g., brushing teeth, brushing hair, blowing bubbles) but no discrimination or memory for the faces of the women engaged in the activities. Infants discriminated the faces of the women engaged in the activities only after twice the exposure time required for discriminating the actions (320 s vs. 160 s) or after the shorter exposure time of 160 s when movement was eliminated and the faces were static. These effects have yet to be investigated in children and adults.
These findings demonstrate the superiority of action perception over face perception during early development and reflect the effects of early stimulus-driven attentional salience hierarchies in infancy. Actions are more salient than faces, and they receive earlier and greater attentional selectivity than do faces in the context of actions (Bahrick, Gogate, & Ruiz, 2002; Bahrick & Newell, 2008) . Attention is first drawn to motion at the expense of the appearance of the object engaged in motion. Once the salient motion is processed, attention progresses to lower levels of the salience hierarchy, including the moving object and its distinctive features. Further evidence for the critical role of attentional salience comes from a control study demonstrating that infants were not impaired at discriminating faces in the context of actions. After infants were habituated to the actions, they were then able to attend to the faces of the women engaged in the actions and discriminated among them (Bahrick & Newell, 2008) . Thus, the superiority of action over face perception was not due to impaired discrimination of dynamic faces; it was a result of attentional allocation. In fact, perception of faces is facilitated in dynamic as compared with static displays and provides invariant information for facial features across changes over time (Bahrick et al., 1996; Otsuka et al., 2009) . The operation of salience hierarchies in attention allocation is especially evident when attentional resources are most limited (Bahrick, 2010 ; see also Adler, Gerhardstein, & Rovee-Collier, 1998) , as is the case during infancy (see also Byrd, 1982, and Craik, Luo, & Sakuta, 2010 , for examples with adults and the elderly).
Another critical stimulus factor that organizes early attentional salience hierarchies and that should have a profound effect on face perception is intersensory redundancy. Intersensory redundancy is the synchronous co-occurrence of the same amodal information (i.e., temporal, spatial, or intensity patterns) across multiple sense modalities (e.g., the rhythm and tempo common to synchronous audible and visible speech; Bahrick & Lickliter, 2000 , 2003 . Detection of redundancy across the senses gives rise to salience hierarchies that organize and guide selective attention and perceptual learning in early development. Detection of intersensory redundancy enables naïve perceivers to determine which sights and sounds constitute unitary audiovisual events, such as a speaking person Lewkowicz, 2000 Lewkowicz, , 2010 , and in turn, to detect nested amodal properties specifying aspects such as affect and the prosody of speech (Bahrick, 2001 (Bahrick, , 2010 Castellanos & Bahrick, 2008; Castellanos, Shuman, & Bahrick, 2004; Flom & Bahrick, 2007; Vaillant-Molina & Bahrick, 2012) . Because of limited attentional resources, particularly in early development, and the vast amount of available sensory stimulation, selective attention to certain properties of stimulation always occurs at the expense of attention to other properties.
The intersensory redundancy hypothesis (IRH; Bahrick, 2010; Bahrick & Lickliter, 2000 , 2003 , a model of the development of early attentional selectivity, describes how redundancy across the senses organizes early attentional salience hierarchies and provides the foundation for early perceptual development. According to the IRH, information presented redundantly and in temporal synchrony across two or more senses (e.g., amodal information such as rhythm, tempo, and the prosody of speech) is highly salient. It recruits selective attention and facilitates perceptual learning of amodal properties at the expense of less salient modality-specific properties (e.g., visual information, such as features of the face, color, and pattern, or auditory information, such as timbre and pitch; Bahrick, 2010; Bahrick & Lickliter, 2000 , 2003 Bahrick, Lickliter, & Flom, 2004) . Detection of affect and the prosody of speech is based on perception of amodal information because they are comprised of distinctive patterns of tempo, rhythm, and intensity changes that are redundant across visual (face) and auditory (voice) stimulation. A large body of research has demonstrated that infants are adept perceivers of intersensory redundancy and that the salience of redundancy guides early attentional selectivity in both human and nonhuman animal infants (e.g., Bahrick, Flom, & Lickliter, 2002; Bahrick & Lickliter, 2000 , 2003 Lewkowicz, 2004; Lickliter, Bahrick, & Honeycutt, 2002 , 2004 Lickliter, Bahrick, & Markham, 2006) . Intersensory redundancy thus exerts a powerful organizing force on the direction of perceptual development by focusing attention on amodal, redundantly specified properties at the expense of nonredundantly specified, modality-specific properties of events during early development.
The IRH has proposed and generated evidence for two important principles of early event perception, intersensory facilitation and unimodal facilitation. Intersensory facilitation characterizes perception of naturalistic, multimodal events such as an object striking a surface or audiovisual speech. Intersensory facilitation refers to the principle that redundantly specified amodal properties (rhythm, tempo, intensity, etc.) are detected more easily and earlier in development when they are perceived in bimodal (or multimodal) synchronous stimulation than when the same amodal properties are nonredundantly specified in unimodal stimulation. Perception of amodal properties, such as temporal synchrony (Bahrick, 1988 (Bahrick, , 2001 Lewkowicz, 2000 Lewkowicz, , 2010 , rhythm (Bahrick & Lickliter, 2000) , tempo, intensity, prosody, and affect (Bahrick, Flom, & Lickliter, 2002; Bahrick, Lickliter, Castellanos, & Vaillant-Molina, 2010; Castellanos, 2007; Castellanos & Bahrick, 2008; Castellanos et al., 2004; Castellanos, Vaillant-Molina, Lickliter, & Bahrick, 2006; Flom & Bahrick, 2007) , is enhanced in bimodal audiovisual as compared with unimodal stimulation. For example, at 4 months, infants can discriminate affect in audiovisual speech but not in unimodal auditory or visual speech (Flom & Bahrick, 2007) , and quail chicks learn and remember a maternal call following synchronous audiovisual exposure but not following the equivalent amount of unimodal auditory or asynchronous audiovisual exposure . Intersensory facilitation is now a well-documented principle of early perceptual development (see Bahrick & Lickliter, 2000; Farzin, Charles, & Rivera, 2009; Frank, Slemmer, Marcus, & Johnson, 2009; Gogate & Hollich, 2010; Gogate, Walker-Andrews & Bahrick, 2001; Hollich et al., 2005; Jordan, Suanda, & Brannon, 2008; Lewkowicz, 2004 ).
In contrast, unimodal facilitation is evident when stimulation is detectable through only one sense modality (unimodal) and no intersensory redundancy is available to direct attention to amodal properties of events. In unimodal stimulation (e.g., speaking on the phone; viewing a silent face or action), information is available to only one sensory modality at a time. In this case, the IRH proposes that selective attention and learning are promoted to modalityspecific properties of stimulation (properties that can be specified only through a particular sensory modality) at the expense of amodal properties (Bahrick, 2010; Bahrick & Lickliter, 2000 , 2003 . Unimodal facilitation refers to the principle that nonredundantly specified modality-specific properties (such as color, visual pattern, pitch, and timbre) are detected more easily and earlier in development when they are perceived in unimodal stimulation than when the same properties are perceived in redundant bimodal (or multimodal) stimulation, because there is no attentional competition from salient intersensory redundancy. The principles of unimodal and intersensory facilitation are particularly evident in early development because attentional resources are most limited, and thus attention progresses slowly along the attentional salience hierarchy. Later in development, as infant attention becomes more flexible and efficient, infants can discriminate amodal and modality-specific properties in both unimodal and multimodal stimulation (Bahrick, 2010; .
In contrast with the large body of research on the facilitating role of intersensory redundancy for perceptual processing, only a few studies have focused on unimodal facilitation and the interfering role of intersensory redundancy for perceptual processing. These studies have demonstrated that unimodal stimulation facilitates perceptual processing of modality-specific properties of events. Perception of modality-specific properties such as orientation (Bahrick, Lickliter, & Flom, 2006; Flom & Bahrick, 2010) , color/pattern (Vaillant-Molina, Gutierrez, & Bahrick, 2005) , and pitch/timbre (Bahrick, Lickliter, Shuman, Batista, & Grandez, 2003; Vaillant, Bahrick, & Lickliter, 2012 ) is enhanced in unimodal as compared with bimodal audiovisual stimulation. For example, 5-and 9-month-old infants discriminated and showed long-term memory for a change in the orientation of a toy hammer tapping (upward against a ceiling vs. downward against a floor) when they could see the hammer tapping (unimodal visual) but not when they could see and hear the natural synchronous audiovisual stimulation together Flom & Bahrick, 2010) . The audiovisual condition provided intersensory redundancy, which attracts attention to redundantly specified amodal properties, such as the rhythm and tempo of the hammer (Bahrick & Lickliter, 2000; Bahrick, Flom, & Lickliter, 2002) , and interferes with attention to visual information, such as the direction of motion or orientation of the hammer. It was not until 9 months of age that infants could detect and remember the orientation of the hammer in the presence of intersensory redundancy. Performance in an asynchronous control condition confirmed the interfering role of intersensory redundancy. In asynchronous stimulation, intersensory redundancy is eliminated, but the overall amount and type of stimulation are equated with that of audiovisual synchronous stimulation from the same event. As predicted, instead of impairing perception of orientation, the asynchronous soundtrack enhanced infant perception of orientation when compared with the synchronized soundtrack . This unimodal facilitation illustrates enhanced perception of modality-specific properties in unimodal as compared with multimodal stimulation as a result of the lack of attentional competition from intersensory redundancy (see , for further discussion).
Importantly, faces are typically encountered as part of dynamic, multimodal speech events. However, little is known about infant perception of dynamic speaking faces or about the conditions that facilitate or attenuate face perception in early development. We propose that infant face perception, like infant perception of nonsocial object events, is guided by general principles of perceptual development and the salience of intersensory redundancy. The principles of intersensory and unimodal facilitation proposed by the IRH provide the basis for strong predictions regarding conditions that promote versus attenuate face processing in early development. Discriminating among faces requires detection of modality-specific information, including visual pattern, color, facial features, and their spatial configuration (Cohen & Cashon, 2001; Rotshtein, Geng, Driver, & Dolan, 2007; Tanaka & Sengco, 1997) . Therefore, in early development, infants should show unimodal facilitation of face perception, such that face discrimination is enhanced in unimodal visual stimulation (in the absence of synchronous vocal stimulation) and attenuated in synchronous bimodal stimulation (audiovisual speech), where salient redundant amodal information competes for attention. Predictions of the IRH hold for tasks that are relatively novel or difficult in relation to the skills of the perceiver (Bahrick & Lickliter, 2000 , 2003 Bahrick et al., 2010) , and thus these effects should be most apparent for perception of unfamiliar faces. For familiar faces, such as that of the mother, recognition would likely be based on a variety of factors. Further, given the infant's extended exposure to the face of the mother in both silent and audiovisual conditions, perceptual differentiation of modality-specific visual properties specifying facial features and their arrangement should have progressed, allowing for flexible identification across a variety of conditions, including contexts that provide intersensory redundancy and those that do not.
Research has already demonstrated that redundantly specified properties conveyed by faces (e.g., affect, prosody of speech) are perceived earlier in development and detected more readily in synchronous bimodal audiovisual stimulation than in unimodal stimulation (intersensory facilitation; Castellanos & Bahrick, 2008; Castellanos et al., 2004; Flom & Bahrick, 2007; VaillantMolina & Bahrick, 2012) . However, it is not known if perception of nonredundantly specified properties conveyed by faces (i.e., those that permit individual identification based on facial features and their configuration) is facilitated in unimodal as compared with bimodal audiovisual stimulation (i.e., unimodal facilitation). If face perception is governed by general principles of event perception that apply to other objects, unimodal facilitation should be evident in the domain of face perception. Given that intersensory redundancy captures selective attention and thus interferes with perception of modality-specific information in a variety of domains in early development, intersensory redundancy should impair perception and discrimination of faces as well. If so, this would provide evidence that face perception illustrates general principles of perceptual learning and development and should not be considered a special class of stimulation in the sense that its attentional salience is governed by processes that differ from those of other objects and events. In the experiments reported here, we 3 INTERSENSORY REDUNDANCY INTERFERES WITH FACE PERCEPTION thus tested the principle of unimodal facilitation by assessing the development of infants' discrimination of faces in redundant and nonredundant stimulation.
Given that discrimination of faces is based on detection of facial features and their configuration, information specific to visual stimulation (Cohen & Cashon, 2001; Rotshtein et al., 2007; Tanaka & Sengco, 1997) , we predicted that for very young infants presented with the faces of unfamiliar women speaking, face discrimination would be enhanced in unimodal visual speech (i.e., silent speech), where no intersensory redundancy is present, and would be inhibited in audiovisual speech, where redundancy is present and would direct attention to amodal aspects of speech such as tempo, rhythm, affect, or prosody. Further, we expected that face discrimination would also be enhanced in an asynchronous audiovisual speech control condition. This condition provides the same amount (auditory plus visual) and types (auditory and visual) of stimulation as synchronous audiovisual speech; however, it provides no intersensory redundancy and thus should not direct attention away from the face to amodal properties such as tempo, rhythm, affect, or prosody. If the basis for attenuated face perception in synchronous audiovisual speech is in fact intersensory redundancy, then face discrimination in asynchronous audiovisual speech, where intersensory redundancy is absent, should be evident and should be equivalent to that in unimodal visual speech.
Thus, in Experiment 1, we examined whether infants 2 months of age could discriminate between the faces of two unfamiliar women in the context of intersensory redundancy (synchronous audiovisual speech) versus no intersensory redundancy (unimodal visual speech; asynchronous audiovisual speech). Further, we hypothesized that across development, infants' increased efficiency and flexibility of attention should lead to detection of modalityspecific properties in both redundant audiovisual and nonredundant stimulation. Thus, face perception should be evident in older infants in the context of both unimodal visual and audiovisual synchronous speech. Since faces are such an important and prevalent type of stimulation, it may be that this improvement occurs rapidly across development. If so, differences should be observed even in cross-sectional data. In Experiment 2, we thus examined whether infants 3 months of age could discriminate between the faces of the same two unfamiliar women engaged in unimodal visual versus synchronous audiovisual speech.
We chose the ages of 2 and 3 months for the present studies on the basis of prior research assessing infant discrimination between two unfamiliar faces of women. Infants 4 months but not 2 months of age showed evidence of discriminating and matching the faces and voices of two unfamiliar women speaking , and thus we expected developmental change to occur between these ages. Further, 2-month-old infants were expected to show evidence of face discrimination in unimodal visual speech in the present study, given that infants of this age discriminated between two static live faces of unfamiliar women even with external cues masked (Blass & Camp, 2004) and between two dynamic silent faces of unfamiliar women in a control condition of the study described above . These findings also suggest that visual acuity is sufficiently developed by 2 months of age to support discrimination between the faces of unfamiliar women. Further, in Bahrick et al. (2005) , 4-month-old infants discriminated unfamiliar faces in a task that was more demanding than the present task (requiring discrimination and memory for two faces, two voices, and the relation between the two). Thus, for Experiment 2, we hypothesized that somewhat younger infants (i.e., 3-month-olds) might have had sufficient experience with faces to discriminate faces of unfamiliar women even in the context of intersensory redundancy from audiovisual speech.
Experiment 1: Discrimination of Faces in Synchronous Audiovisual, Asynchronous Audiovisual, and Unimodal Visual Speech at 2 Months of Age
In this study, 2-month-old infants were habituated with the face of a woman speaking under conditions of nonredundant speech (unimodal visual, silent speech or asynchronous audiovisual speech) versus redundant, audiovisual speech (synchronous face and voice). Consistent with predictions of the IRH, face discrimination, based primarily on modality-specific visual information, should be enhanced in unimodal visual speech, where no intersensory redundancy is available and attention is thus free to focus on information specific to visual stimulation, such as facial features and their configuration. In contrast, face discrimination should be attenuated in synchronous audiovisual speech, because salient intersensory redundancy should attract attention to amodal properties such as rhythm, tempo, and prosody at the expense of information about the appearance of the face. (Note that the terms enhanced and impaired or attenuated are used here as relative terms and refer to comparisons between infant detection of the same event properties across conditions that provide versus do not provide intersensory redundancy.) Several studies have already confirmed that amodal properties available in synchronous audiovisual speech and nonspeech events attract infant attention and are discriminated more readily than the same properties in nonredundant unimodal speech and nonspeech (Bahrick & Lickliter, 2000; Bahrick, Flom, & Lickliter, 2002; Castellanos et al., 2004; Flom & Bahrick, 2007; Flom, Gentile, & Pick, 2008) . What is not known is whether intersensory redundancy provided by synchronous audiovisual speech will interfere with face discrimination in early development and, if so, whether this interference will be due to the intersensory redundancy per se. An alternative hypothesis also tested here is that synchronous audiovisual stimulation from speaking faces impairs young infants' face discrimination because the speech per se is interfering and/or the audiovisual speech provides a greater overall amount of stimulation than the unimodal visual speech, which interferes with attention to facial configuration. To distinguish between these hypotheses, an asynchronous control condition was included, which presented the same speaking faces and soundtracks as the synchronous speech condition, however the movements of the face were out of synchrony with the audible speech. This provided the same overall amount and type of stimulation as the synchronous condition but eliminated intersensory redundancy. If interference from intersensory redundancy impairs face perception in audiovisual speech (relative to unimodal visual speech), then face discrimination should also be enhanced even in the presence of speech as long as it is not synchronized with the movements of the face (thus eliminating intersensory redundancy). In contrast, if speech or the greater amount of stimulation it provides interferes with face perception (independent of intersensory redundancy), then infants should show impaired face perception in the presence of asynchronous audiovisual speech (relative to performance in the visual speech condition).
Method
Participants. Forty-eight 2-month-old infants (15 girls and 33 boys) with a mean age of 63.3 days (SD ϭ 3.8) participated. Infants in this and the subsequent studies reported here were all healthy, had a gestation period of at least 39 weeks, and were primarily from middle-class families. Forty were Hispanic, 7 were Caucasian not of Hispanic ethnicity, and 1 was African American. Twenty-two (46%) of the infants heard English or English and Spanish spoken in the home, 18 (38%) heard primarily Spanish, 3 (6%) heard another language, and the language of 5 (10%) was unknown/not reported by the parent. Forty additional infants participated, but their data were excluded from the analyses due to fussiness (n ϭ 2 in the synchronous audiovisual condition and n ϭ 5 in the unimodal visual condition), falling asleep (n ϭ 3 in the synchronous audiovisual condition), experimenter error (n ϭ 1 in the synchronous audiovisual condition, n ϭ 1 in the unimodal visual condition, and n ϭ 3 in the asynchronous audiovisual condition), equipment failure (n ϭ 1 in the synchronous audiovisual condition and n ϭ 1 in the unimodal visual condition), external interference (n ϭ 1 in the unimodal visual condition), and failure to meet the fatigue (n ϭ 4 in the synchronous audiovisual condition, n ϭ 1 in the unimodal visual condition, and n ϭ 3 in the asynchronous audiovisual condition) or habituation criteria (n ϭ 8 in the synchronous audiovisual condition, n ϭ 3 in the unimodal visual condition, and n ϭ 3 in the asynchronous audiovisual condition). Analyses indicated that there were no significant differences across the three conditions in the number of infants whose data were rejected, 2 (2) ϭ 1.88, p ϭ .39. Stimulus events. Dynamic color video displays of two women reciting the nursery rhymes "Mary Had a Little Lamb," and "Jack and Jill," in a continuous loop in infant-directed speech served as our stimulus events. The video displays depicted the actresses' faces and shoulder areas (see Figure 1 ). Both women were Caucasian, and given the large number of Hispanic participants in our area, one woman was of Hispanic ethnicity and the other was non-Hispanic. One woman had fair skin and straight light brown hair. The other woman had olive skin and curly dark brown hair. Three 30-s films were created for each woman, one for each condition (synchronous audiovisual, unimodal visual, asynchronous audiovisual). The visual events were identical across conditions, and only their relation to the soundtrack differed. The stimulus events for the synchronous audiovisual habituation and test trials depicted a moving face producing natural and synchronous infant-directed speech. The stimulus events for the unimodal visual habituation and test trials depicted the same visual event but with the soundtrack removed (the moving face speaking silently). The stimulus events for the asynchronous audiovisual habituation and test trials depicted the moving faces; however, the soundtrack was out of synchrony with the movements of the faces. We accomplished this by delaying the soundtrack from the 30-s nursery rhyme sequence by 15 s with respect to the visual event. A control event was also used depicting a plastic green and white toy turtle whose arms spun while making a whirring sound.
Apparatus. Infants sat in a standard infant seat facing a color television monitor (Sony KV-20520) approximately 55 cm away. Black curtains surrounded the television monitor to obscure extraneous stimuli, and two 1.5-cm apertures allowed trained observers to view the infants' visual fixations. Four Panasonic video desks (DS545 and AG7750) were used to play the stimulus events. Observers, unaware of the infants' condition, depressed buttons on a joystick recording the length of the infants' visual fixations. The joystick was connected to a computer that collected the data online. The observations of the primary observer controlled the stimulus presentations, and those of the secondary observer were recorded for use in calculating interobserver reliability.
Procedure. Infants were tested in an infant-controlled habituation procedure (similar to procedures used by Bahrick & Lickliter, 2000 , 2004 to determine whether they could detect a change in the face (from familiar to novel) under conditions of synchronous audiovisual (n ϭ 16), unimodal visual (n ϭ 16), or asynchronous audiovisual (n ϭ 16) exposure. Infants in the synchronous audiovisual condition received an audible and visible presentation of the woman speaking in synchrony with the movements of her face throughout the procedure. Infants in the asynchronous audiovisual condition received the same audible and visible presentation, but the woman's face and voice were out of synchrony throughout the procedure. Infants in the unimodal visual condition received the same visual presentation of the woman's face but with no audible soundtrack. The faces were counter- Figure 1 . Static images of the two dynamic face events used in Experiments 1 and 2. Infants were habituated to one face and tested with the other face (order counterbalanced across infants) in sequential habituation and test trials. 5 balanced across infants so that half of the infants in each condition were habituated to the face of one woman and half were habituated to the face of the other woman.
In the infant-controlled habituation procedure, the face of one woman was presented throughout habituation and the face of the other woman was presented during test trials. The habituation procedure began with a control trial depicting a toy turtle and continued with four mandatory habituation trials. All trials began when infants visually fixated on the image and terminated when infants looked away for 1 s or after 45 s had elapsed. Additional trials of the same event were presented (up to a total of 20 habituation trials) until the infant's visual fixation level decreased and reached the habituation criterion, a decrement of 50% or greater on two consecutive trials relative to the infant's fixation level on the first two trials of the habituation sequence. Once the habituation criterion was met, two no-change posthabituation trials, identical to the habituation trials, were presented. Infants, under their respective conditions, then received two sequential test trials depicting a novel woman speaking. The nursery rhymes were spoken in a continuous loop, and thus the point in the rhyme where each new trial began was determined by where the previous trial ended. Infants in the synchronous audiovisual condition received two test trials depicting a novel face speaking in temporal synchrony with the familiar voice, those in the asynchronous audiovisual condition received two test trials depicting a novel face speaking out of synchrony with the familiar voice, and those in the unimodal visual condition received two test trials depicting a novel face speaking silently. Thus, the only change from habituation to test in each condition was the presentation of a novel face. Discrimination of the novel face was inferred when infants' visual fixation during the test trials depicting the novel face showed a significant increase relative to their visual fixation during the no-change post habituation trials depicting the familiar face (visual recovery). A final control trial depicting the toy turtle concluded the testing session.
To examine if infants had become fatigued, we compared their visual fixations to the initial and final control trials. Infants were judged to be fatigued if their visual fixation to the final control trial was less than 20% of their fixation level to the initial control trial (see Bahrick et al., 2006 Bahrick et al., , 2010 . Two observers monitored 25 (52%) of the infants. The Pearson product-moment correlation between the visual fixation scores of the two observers averaged .94 (SD ϭ .12) and served as our measure of interobserver reliability.
Results
Figure 2 depicts the mean visual recovery to the novel face for infants in the synchronous audiovisual, unimodal visual, and asynchronous audiovisual speech conditions. To address the primary research question, whether infants in each condition could discriminate between the novel and familiar faces, we conducted singlesample t tests on the mean visual recovery scores against the chance value of zero. Results were consistent with our predictions. Infants in the conditions that provided no intersensory redundancy (unimodal visual and asynchronous audiovisual) discriminated the novel from the familiar face, t(15) ϭ 4.37, p ϭ .001, and t(15) ϭ 5.26, p ϭ .0001, respectively, but those in the condition that provided intersensory redundancy (synchronous audiovisual) did not, t(15) ϭ 1.67, p Ͼ .10.
To compare face discrimination across conditions, we conducted a one-way analysis of variance (ANOVA) on visual recovery with condition (synchronous audiovisual, unimodal visual, asynchronous audiovisual) and stimulus event (Woman A, Woman B) as the between-subjects factors. Results revealed a main effect of condition, F(2, 45) ϭ 5.55, p ϭ .007, ç 2 ϭ .11. Planned pairwise comparisons indicated that infants in the unimodal visual condition demonstrated significantly greater visual recovery to the novel face than did infants in the synchronous audiovisual condition (p ϭ .05). These findings support predictions of the IRH and demonstrate unimodal facilitation for face perception. Planned pairwise comparisons also indicated that infants in the asynchronous audiovisual condition showed significantly greater visual recovery to the novel face than did infants in the synchronous audiovisual condition (p ϭ .002). Given that these two conditions provide the same amount and type of stimulation and only the face-voice synchrony differed, these findings highlight the interfering role of intersensory redundancy (synchrony) in face discrimination at this age. No main effects of stimulus event (Woman A, Woman B) or interaction between stimulus event and condition (synchronous audiovisual, unimodal visual) were found (ps Ͼ .10), indicating that visual recovery did not differ as a function of which woman infants viewed during habituation. For all subsequent analyses, we collapsed across stimulus events.
Further, the primary language spoken in the home (English or English/Spanish vs. other) was not an important factor affecting whether or not speech interfered with face discrimination. Face discrimination was enhanced in the presence of English speech when it was asynchronous and impaired when it was synchronous despite the fact that some infants heard English and others heard Spanish or another language in the home (ps Ͼ .1). This is not surprising given that detection of temporal synchrony is known to be a basic perceptual skill underlying audiovisual speech perception and that infants 6 months of age and younger have been found to have broadly tuned intersensory processing skills and can match nonnative faces and vocalizations even at birth (Lewkowicz, 2010; Lewkowicz & Ghazanfar, 2009; Lewkowicz, Leo, & Simion, 2010) .
Secondary analyses were conducted to compare infants' performance on four habituation measures (mean baseline looking, mean number of habituation trials, mean posthabituation looking, mean total processing time) across conditions. Table 1 presents infant performance on each of these measures along with their test trial looking time. One-way ANOVAs were conducted on each of the four habituation measures with condition (synchronous audiovisual, unimodal visual, asynchronous audiovisual) as the betweensubjects factor. Results revealed no significant main effects of condition for any of the habituation measures (all ps Ͼ .05); however, the main effect for processing time was marginally significant, F(2, 45) ϭ 3.01, p ϭ .06, ç 2 ϭ .02. Pairwise comparisons indicated significantly greater processing time for infants in the asynchronous audiovisual condition than for infants in the unimodal visual condition (p ϭ .02) and no other differences (all ps Ͼ .05). However, given that visual recovery did not differ between these two groups despite their differences in processing time, and that both showed evidence of face discrimination, it is clear that processing time differences between the unimodal visual and asynchronous audiovisual groups did not affect the main results.
These results indicate that face discrimination is facilitated in conditions where intersensory redundancy is absent (unimodal visual and asynchronous audiovisual presentations) and impaired in the context of intersensory redundancy from synchronous audiovisual speech, and that these effects were independent of differential exposure to the faces across conditions. Infants in both conditions where intersensory redundancy was eliminated displayed robust evidence of face discrimination. Moreover, this facilitation of face discrimination was evident even in the unimodal visual condition despite the fact that infants in this condition showed the least amount of processing time.
Together, the findings indicate that by 2 months of age, face perception is impaired in synchronous audiovisual speech because intersensory redundancy interferes with attention to the visual appearance of the face. In contrast, face perception is enhanced in unimodal visual stimulation where intersensory redundancy is absent and thus cannot compete for attention. In the asynchronous audiovisual control condition, in which the amount and type of stimulation were equal to those of the synchronous audiovisual condition, there was no evidence of interference from the presence of the voice or the overall amount of stimulation provided by the combination of auditory and visual speech. This eliminated these alternative explanations for impaired face perception in synchronous audiovisual speech. Together these results demonstrate the central role of intersensory redundancy in attention and perception of faces in early development.
Experiment 2: Discrimination of Faces in Synchronous Audiovisual Versus Unimodal Visual Speech at 3 Months of Age
In Experiment 1, 2-month-old infants showed no evidence of face discrimination during synchronous audiovisual speech, where intersensory redundancy is present, but showed significant face discrimination in both unimodal visual and asynchronous audiovisual speech, conditions where intersensory redundancy is not available. According to the IRH, across development, infants' increased experience with multimodal events along with improvements in their efficiency of attention and perceptual flexibility lead Note. Baseline ϭ first two habituation trials; Trials to habituation ϭ number of habituation trials to reach criterion; Posthabituation ϭ two no-change trials following habituation, reflecting final interest level; Processing time ϭ total number of seconds fixating the habituation events. 7 to detection of both amodal and modality-specific properties in redundant audiovisual and nonredundant (unimodal visual, asynchronous audiovisual) stimulation (Bahrick, 2010; Bahrick et al., 2010 ). The present study tested this developmental prediction by assessing face discrimination in older infants under conditions of unimodal visual versus synchronous audiovisual stimulation, identical to Experiment 1. In addition to the developmental improvements observed in face perception between 2 and 4 months of age , 3-month-olds were selected because they have a great deal of experience with faces and synchronous audiovisual speech by this age and we expected that development would progress rapidly in this domain. We thus predicted that by 3 months of age, infants would show evidence of face discrimination even in the context of intersensory redundancy from audiovisual speech.
Method
Participants. Thirty-two 3-month-old infants (17 girls and 15 boys) with a mean age of 92.69 days (SD ϭ 5.52) participated. Twenty-nine were Hispanic and 3 were Caucasian, not of Hispanic ethnicity. Nine (28%) of the infants heard English or English and Spanish spoken in their homes, 16 (50%) of the infants heard primarily Spanish, and for 7 (22%) the language spoken in the home was unknown or not reported by the parent. Fifteen additional infants participated, but their data were excluded from the analyses because of fussiness (n ϭ 1 in the synchronous audiovisual condition and n ϭ 3 in the unimodal visual condition), equipment failure (n ϭ 1 in the unimodal visual condition), and failure to meet the fatigue (n ϭ 4 in the synchronous audiovisual condition and n ϭ 3 in the unimodal visual condition) or habituation criteria (n ϭ 1 in the synchronous audiovisual condition and n ϭ 2 in the unimodal visual condition).
Stimulus events, apparatus, and procedure. The stimulus events, apparatus, and procedures were identical to those of Experiment 1. Two observers monitored 11 (34%) of the infants, and a Pearson product-moment correlation between the visual fixation scores of the two observers averaged .95 (SD ϭ .05).
Results
Figure 3 depicts the mean visual recovery to the novel face as a function of stimulus condition (synchronous audiovisual, unimodal visual) for 3-month-old infants. Single-sample t tests were conducted against the chance value of zero to determine whether infants showed significant visual recovery to the novel face. Results confirmed our predictions and indicated that 3-month-old infants discriminated the novel from the familiar face following both unimodal visual, t(15) ϭ 3.66, p ϭ .002, and synchronous audiovisual, t(15) ϭ 3.31, p ϭ .005, habituation.
A one-way ANOVA was conducted on visual recovery scores with stimulus condition (unimodal visual, synchronous audiovisual) as the between-subjects factor to compare discrimination across conditions. As predicted, results revealed no main effect of condition, F(1, 30) ϭ 0.36, p ϭ .56, ç 2 ϭ .01, indicating that 3-month-olds discriminated the novel from the familiar face across both conditions. Further, secondary analyses indicated no difference in face discrimination as a function of language spoken at home (English or English/Spanish vs. other; ps Ͼ .1) and no differences between conditions for any of the habituation measures (see Table 1 ). These findings indicate that by 3 months of age, infants have had sufficient experience with faces and individuals speaking that they can discriminate between faces even in the context of salient intersensory redundancy provided by audiovisual speech.
General Discussion
This research explored the role of intersensory redundancy generated by naturalistic audiovisual speech in the development of infant face discrimination. According to the IRH, intersensory redundancy available in synchronous audiovisual speech should impair face discrimination by focusing attention on highly salient amodal properties at the expense of modality-specific properties that underlie face discrimination. In contrast, when intersensory redundancy is eliminated by presenting unimodal visual speech, attention should be free to focus on facial features and their configuration, promoting face discrimination. Findings were consistent with these predictions and demonstrated that at the age of 2 months (Experiment 1) face perception was impaired in the context of audiovisual speech, where face-voice synchrony provides intersensory redundancy, and was enhanced in unimodal visual speech, where no intersensory redundancy is available to compete for attention. Following habituation to a woman speaking in synchrony with her voice, 2-month-old infants showed no visual recovery to the face of a novel woman speaking. In contrast, when intersensory redundancy was eliminated by showing the same face speaking silently, 2-month-olds showed significant visual recovery to the face of a novel woman speaking silently. Results of the asynchronous control condition confirmed that the basis for this effect was attentional competition from highly salient intersensory redundancy rather than differential amounts or types (visual only vs. visual plus auditory) of stimulation. When intersensory redundancy was eliminated while controlling for the amount and type of stimulation by presenting asynchronous faces and voices, 2-month-olds also showed significant evidence of face discrimination. Visual recovery to a novel face was evident in the context of asynchronous, but not synchronous, audiovisual speech. Thus, the voice itself was not distracting, and infants' failure to discriminate was not due to an inability to discriminate faces in the context of voices; rather, the synchronous temporal relation of the voice with the movements of the face was the basis for interference.
Further, our main pattern of findings across conditions was unrelated to the amount of time infants spent processing the events during habituation. Analyses indicated a marginally significant main effect of processing time across conditions; however, only the asynchronous audiovisual and unimodal visual conditions differed, with greater processing time in the asynchronous than in the unimodal visual condition. Despite their different processing times, infants in the two conditions did not differ from one another in their visual recovery scores, and infants in both conditions showed significant visual recovery to the novel face. Thus, longer looking to the faces did not result in greater face discrimination, and even unimodal visual exposure (associated with the least processing time) resulted in face discrimination. This further supports the conclusion that face discrimination is a function of attentional allocation to different properties of stimulation: Intersensory redundancy interferes with face discrimination by focusing attention on amodal properties, and unimodal visual exposure enhances face discrimination because, in the absence of competition from salient intersensory redundancy, attention is free to focus on visual features and their configuration.
Experiment 2 revealed that development in the domain of face perception occurs rapidly. At the age of 2 months, infants discriminated between two faces of unfamiliar women only under conditions that provided no intersensory redundancy (unimodal visual and asynchronous audiovisual speech). In contrast, by the age of 3 months, infants were able to discriminate the faces even in the context of interference from highly salient intersensory redundancy and showed significant visual recovery to the novel face under both the unimodal visual and synchronous audiovisual speech conditions. This suggests that the additional month of experience with faces and voices enhanced face processing skills, effectively reducing the difficulty of the discrimination task and promoting more flexible attentional allocation. These findings converge with those of our prior study demonstrating developmental change between the ages of 2 and 4 months in infant perception of unfamiliar faces of women . Together, these findings suggest that as infants gain experience with faces and voices of speaking people, their attention becomes more flexible and extends to modality-specific properties that support face discrimination, even in the context of intersensory redundancy from audiovisual speech. It is important to note, however, that although this developmental sequence (modality-specific properties detected in nonredundant stimulation in early development and extending to redundant stimulation in later development) is predicted to be invariant across domains, the age at which this transition takes place would depend on the difficulty of the discrimination task in relation to the skills of the perceiver (see Bahrick et al., 2010) . Just as older infants reverted to patterns of intersensory facilitation characteristic of younger infants when the difficulty of a tempo discrimination task was increased , older infants should revert to patterns of intersensory interference characteristic of younger infants if task difficulty is increased in the domain of face perception. Thus, even older infants and children should show evidence of unimodal facilitation followed by a transition to more flexible face processing for tasks that are challenging.
These findings are the first to demonstrate the significant role of intersensory redundancy in infant face perception. Specifically, they demonstrate that intersensory redundancy generated by naturalistic speech interferes with discrimination of faces in early development. Intersensory redundancy is highly salient and promotes attention to amodal properties of stimulation such as synchrony, rhythm, tempo, affect, and prosody of speech (Bahrick, 2010; Castellanos, 2007; Castellanos & Bahrick, 2008; Castellanos et al., 2004; Flom & Bahrick, 2007) . This gives rise to attentional salience hierarchies such that infants show earlier, deeper, and/or more complete processing of amodal properties than other properties in multimodal stimulation (see Reynolds, Bahrick, Lickliter, & Guy, in press , for eventrelated potential evidence of greater depth of processing for redundant than nonredundant audiovisual speech events). Across exploratory time, attention progresses along the salience hierarchy such that more salient aspects of stimulation are processed first. Once the most salient properties are processed, attention is then allocated to less salient properties of stimulation, including modality-specific properties that support face discrimination in audiovisual speech (see Bahrick & Newell, 2008) . Across development, attention becomes more efficient and can progress down the salience hierarchy more quickly, allowing older infants to process both the more and less salient properties in a single episode of exploration. In contrast, when no intersensory redundancy is available to compete for attention, such as in unimodal visual face displays or asynchronous faces and voices, attention is free to focus on visual information supporting face discrimination. Thus, in early development, when attentional resources are most limited, intersensory redundancy available in audiovisual speech interferes with discrimination of unfamiliar faces (when the task is relatively difficult in relation to the skills of the perceiver). It is not yet known to what extent experience with particular faces can speed up this developmental process and the progression of infant attention along the salience hierarchy, promoting discrimination of faces in both unimodal and multimodal stimulation by the age of 2 months or earlier.
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The present findings complement those of our prior studies that demonstrated another important factor, the role of motion and repetitive action in shaping infant attentional salience hierarchies and in turn affecting face perception (Bahrick, Gogate, & Ruiz, 2002; Bahrick & Newell, 2008) . By 5 months, everyday activities (e.g., brushing hair, brushing teeth, or blowing bubbles) are highly salient and processed at the expense of the faces engaged in the activity. Whether more subtle movements, such as those made during speech, would interfere with discrimination of faces in very young infants when no intersensory redundancy was present (e.g., silent speech) is not known. It is possible that prior to 2 months, when attentional resources are even more limited, even the movements of speech could be sufficient to capture attention and promote processing at the expense of the faces engaged in action. Together with the present findings, these results suggest that infant face perception skills have been overestimated in the literature, which has primarily focused on perception of static and/or silent faces (see Bahrick, Gogate, & Ruiz, 2002; Bahrick & Newell, 2008; Otsuka et al., 2009 , for discussion). These findings likely reflect discrimination of silent, static faces but may not generalize well to face perception in the dynamic, multimodal environment. Our results suggest that infant attention to faces in the natural environment is highly variable, depends on context and task difficulty in relation to the skills of the perceiver, and is negatively affected by the presence of other stimulus properties that compete for attention, including intersensory redundancy and repetitive actions. Thus, in the natural environment, the focus of attention may change dynamically in real time as the conditions of stimulation shift. While people are speaking, infants' attention may be more focused on amodal properties of speech; when people are silent but gesturing, infants' attention would likely shift to the nature of movement at the expense of the appearance of individuals; and when people are silent with minimal motion, infants' attention may shift to modality-specific visual properties including the facial configuration. The implications of these findings for optimizing face perception are clear. In early infancy, face perception and discrimination should be optimal when faces are experienced in unimodal visual stimulation, without interference from synchronous audiovisual speech or highly distinctive or salient motions. For example, motions such as gestures, which are typically synchronized with speech, would promote attention to amodal properties and would likely interfere with face discrimination. More minimal motion (such as gradual changes in facial expression or head movement), however, appears to enhance face discrimination over static presentations, at least for unfamiliar faces of women by infants 3 to 4 months of age, as it provides invariant information for facial features across changes in perspective over time (Otsuka et al., 2009) .
Moreover, these findings demonstrate that face perception is governed by the same perceptual principles that govern perception of other objects and events (see also Gauthier & Nelson, 2001; Nelson, 2003) . Consistent with tenets of the IRH, face perception, which relies on information specific to vision, shows evidence of unimodal facilitation, similar to other events that rely on information specific to vision (e.g., orientation of hammers tapping; Bahrick et al., 2006; Flom & Bahrick, 2010) . Unimodal facilitation of face perception can be seen as an example of a general principle of early development applicable across species, from human to avian infants . Rather than comprising a special class of stimuli that are salient and preferred independent of experience (Goren et al., 1975; , facial features and their arrangement appear to be salient in early development (e.g., prior to 3 months) only in the absence of attentional competition from intersensory redundancy or repetitive actions. However, the transition from discriminating faces only in the context of no intersensory redundancy (e.g., silent visual) to more flexible discrimination of faces in contexts of both redundancy and no redundancy (e.g., synchronous audiovisual speech and silent visual presentations) occurs early (between the ages of 2 and 3 months for the face events used in the present study) compared with discrimination of object events tested thus far (e.g., between 5 months and 8 or 9 months, Bahrick et al., 2006; Flom & Bahrick, 2010) . This is likely due to infants' high degree of familiarity and variability of exposure with faces. Together, these findings add to a growing body of research demonstrating that the development of face perception is organized by general principles of perceptual development, including the operation of attentional salience hierarchies, perceptual narrowing, and interference from intersensory redundancy and repetitive motions (Bahrick, Gogate, & Ruiz, 2002; Bahrick & Newell, 2008; Gauthier & Tarr, 1997; Lewkowicz & Ghazanfar, 2006; Pascalis, de Haan, & Nelson, 2002) .
It is not yet clear to what extent intersensory redundancy interferes with face perception in later development. Attentional salience hierarchies have the greatest effect on attention and perception when attentional resources are limited, tasks are difficult in relation to the skills of the perceiver, or memory load is high (Adler et al., 1998; Bahrick, 2010; Bahrick et al., 2010; Craik & Byrd, 1982; Craik et al., 2010) . Our prior research demonstrates that even when older infants can detect amodal properties in both unimodal visual and synchronous audiovisual stimulation, intersensory facilitation can be reinstated if the task is made more difficult . Thus, the present findings are likely to have more broad implications for face perception across the life span. When face discrimination is difficult, or under conditions of high stress, such as witnessing a crime, face discrimination should also be impaired in the presence of intersensory redundancy from audiovisual speech. In contrast, for simpler face discrimination tasks, such as detecting large differences between individuals (e.g., on the basis of gender or age), or for discriminating among familiar faces, face discrimination may be evident in very young infants, even in the context of interference from intersensory redundancy. Further research with older children (Bahrick, Krogh-Jespersen, Argumosa, & Lopez, 2012) and adults is currently under way in our lab to reveal more about the conditions that impair versus enhance face perception across the life span.
